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Office Hours

→ Office Hours

→ Day: Fridays, 12:00 PM - 1:00 PM

→ Location Options:

- In-person meetings: [2223B]

- Virtual meetings via Zoom

Please make sure to sign up at least 24 hours in advance to allow for proper scheduling via this link:

https://docs.google.com/forms/d/e/1FAIpQLSdOb4gAc6SoCdsMAZP4zKrn3ecPyGt6dwVahVcOD3EqXGG-oA/viewform?usp=dialog

If the slots are fully booked or if you have a time conflict, please email me directly to find an alternative time (arfazel@umich.edu)
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https://docs.google.com/forms/d/e/1FAIpQLSdOb4gAc6SoCdsMAZP4zKrn3ecPyGt6dwVahVcOD3EqXGG-oA/viewform?usp=dialog
mailto:arfazel@umich.edu
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Tower test results

Frank's Tower of Power

Frank Michael, Jack Barbour, Nicholas Londono, Ravi Kumar

210 lbs.

2.84 oz.Weight

Load
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Tower in Power

Xiandong Lin, Ming Chen, Wanyi Lou, Yiduo Wang

280 lbs.

3.99 oz.Weight

Load

Tower test results
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Tipothy (Tippy)

240 lbs.

3.86 oz.Weight

Load

3

Andrea Pesce, Kelci Coy, Shreya Sampath, Nicholas Pettigrew

Tower test results



Beam design
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Beam design
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Beam design



Problem Set 09
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Problem Set 09
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#Q1: Unfactored dead load on beam from slab
#Q2: Unfactored dead load on beam from the beam (beam selfweight)

𝑫𝑳𝒔𝒍𝒂𝒃 = 𝝆 × 𝑽 = 150
𝑙𝑏

𝐹𝑡3 ×
14

2
𝐹𝑇 × 9 𝐼𝑁 ×

1 𝐹𝑇

12 𝐼𝑁
× 1 𝐹𝑇 = 𝟕𝟖𝟕. 𝟓 𝐏𝐋𝐅

𝑫𝑳𝒃𝒆𝒂𝒎 = 𝝆 × 𝑽 = 150
𝑙𝑏

𝐹𝑡3 × 10 𝐼𝑁 ×
1 𝐹𝑇

12 𝐼𝑁
× 18 𝐼𝑁 ×

1 𝐹𝑇

12 𝐼𝑁
= 𝟏𝟖𝟕. 𝟓 𝐏𝐋𝐅



Problem Set 09
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#Q3: Unfactored live load on beam, LL
#Q4: Total factored beam load, wu

𝑳𝑳𝒃𝒆𝒂𝒎 = 𝑭𝒍𝒐𝒐𝒓 𝑳𝑳 × 𝑻𝒓𝒊𝒃𝒖𝒕𝒂𝒓𝒚 𝒍𝒆𝒏𝒈𝒕𝒉 = 55 𝑃𝑆𝐹 ×
14

2
= 𝟑𝟖𝟓 𝑷𝑳𝑭

𝒘𝒖 = 𝟏. 𝟐 𝑫𝑳 + 𝟏. 𝟔 𝑳𝑳 = 1.2 787.5 + 187.5 + 1.6 385 = 𝟏𝟕𝟖𝟔 𝑷𝑳𝑭



Problem Set 09
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#Q5: Factored design moment from the loads, Mu

𝑴𝒖 =
𝒘𝒖 𝑳𝟐

𝟖
=

𝟏𝟕𝟖𝟔 (𝟐𝟑)𝟐

𝟖
×

𝟏

𝟏𝟎𝟎𝟎
= 𝟏𝟏𝟖. 𝟎𝟗 𝑲 − 𝑭𝑻
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#Q6: Distance from top beam edge to centroid of flexural steel, d

𝑫𝒄 = 𝒄𝒐𝒏𝒄𝒓𝒆𝒕𝒆 𝒄𝒐𝒗𝒆𝒓 + 𝑫𝑺𝒕𝒊𝒓𝒓𝒖𝒑 +
𝑫𝒃

𝟐

= 1.5 + 4 ×
1

8
+ 8 ×

1

8
×

1

2
= 𝟐. 𝟓 𝑰𝑵

𝑫 = 𝒉 − 𝑫𝒄 = 18 − 2.5 = 𝟏𝟓. 𝟓 𝑰𝑵
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#Q7: The final calculated area of steel required, As,re

𝑨𝒔 =
𝑴𝒖

𝝋𝒇𝒚 𝒅 −
𝒂
𝟐

=
𝑴𝒖

𝝋𝒇𝒚 𝟎. 𝟗 𝒅

𝑓𝑜𝑟 𝑏𝑒𝑎𝑚𝑠

=
118.09 𝐾 − 𝐹𝑇 ×

12 𝐼𝑁
1𝐹𝑇

0.9 × 60 𝐾𝐼𝑃𝑆 × 0.9 × 15.5
= 𝟏. 𝟖𝟖 𝑰𝑵𝟐

𝒂 =
𝑨𝒔𝒇𝒚

𝟎. 𝟖𝟓 𝒇𝒄
′ 𝒃

=
1.88 × 60

0.85 × 6 × 10
= 𝟐. 𝟐𝟏

𝑨𝒔 =
𝑴𝒖

𝝋𝒇𝒚 𝒅 −
𝒂
𝟐

=
118.09 𝐾 − 𝐹𝑇 ×

12 𝐼𝑁
1𝐹𝑇

0.9 × 60 𝐾𝐼𝑃𝑆 × (15.5 −
2.21

2 )
= 1.82 𝐼𝑁2

𝑪𝒉𝒆𝒄𝒌: 𝟏. 𝟖𝟖 × %𝟐 = 𝟎. 𝟎𝟑𝟕𝟔 → 𝑭𝒂𝒊𝒍

T
ri

a
l 

1
T

ri
a

l 
2
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#Q7: The final calculated area of steel required, As,re

𝑨𝒔 =
𝑴𝒖

𝝋𝒇𝒚 𝒅 −
𝒂
𝟐

=
𝑴𝒖

𝝋𝒇𝒚 𝟎. 𝟗𝟐 𝒅

𝑓𝑜𝑟 𝑏𝑒𝑎𝑚𝑠

=
118.09 𝐾 − 𝐹𝑇 ×

12 𝐼𝑁
1𝐹𝑇

0.9 × 60 𝐾𝐼𝑃𝑆 × 0.92 × 15.5
= 𝟏. 𝟖𝟒 𝑰𝑵𝟐

𝒂 =
𝑨𝒔𝒇𝒚

𝟎. 𝟖𝟓 𝒇𝒄
′ 𝒃

=
1.88 × 60

0.85 × 6 × 10
= 𝟐. 𝟏𝟔

𝑨𝒔 =
𝑴𝒖

𝝋𝒇𝒚 𝒅 −
𝒂
𝟐

=
118.09 𝐾 − 𝐹𝑇 ×

12 𝐼𝑁
1𝐹𝑇

0.9 × 60 𝐾𝐼𝑃𝑆 × (15.5 −
2.16

2 )
= 1.82 𝐼𝑁2

𝑪𝒉𝒆𝒄𝒌: 𝟏. 𝟖𝟒 × %𝟐 = 𝟎. 𝟎𝟑𝟔 → 𝑷𝒂𝒔𝒔

T
ri

a
l 

3
T

ri
a

l 
4
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#Q8: Number of rebars used
#Q9: Actual, final area of flexural steel used, As,used

𝑩𝒂𝒓𝒏𝒖𝒎 =
𝐴𝑆

𝐵𝑎𝑟 𝐴𝑟𝑒𝑎
=

1.82

0.79
= 2.3 ⇒ = 3 (𝑟𝑜𝑢𝑛𝑑 𝑡𝑜 𝑡ℎ𝑒 first ℎ𝑖𝑔ℎ𝑒𝑠𝑡 𝑖𝑛𝑡𝑒𝑔𝑒𝑟)

𝑨𝑺𝒖𝒔𝒆𝒅 = 𝟑 × 𝟎. 𝟕𝟗 = 𝟐. 𝟑𝟕 𝑰𝑵𝟐
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#Q10: Mimimum required area of steel, As,min (the greater of the 
2 criteria)

𝑨𝒔𝒎𝒊𝒏 = 𝒎𝒂𝒙

𝟑 𝒇𝒄
′

𝒇𝒚
𝒃. 𝒅

𝟐𝟎𝟎

𝑭𝒚
𝒃. 𝒅

=
3 5,500

60,000
× 10 × 15.5 = 𝟎. 𝟓𝟕𝟒 𝐼𝑁2

=
200

60,000
× 10 × 15.5 = 0.516 𝐼𝑁2
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#Q11: Depth of concrete stress block, a

#Q12: The factor beta_1
#Q13: Distance to Neutral Axis from top of beam, c

𝒂 =
𝑨𝒔𝒇𝒚

𝟎. 𝟖𝟓 𝒇𝒄
′ 𝒃

=
2.37 (60,000)

0.85 (5500) (10)
= 𝟑. 𝟎𝟒𝑰𝑵

𝜷𝟏 = 𝟎. 𝟖𝟓 − 𝟎. 𝟎𝟓
𝒇𝒄

′ − 𝟒𝟎𝟎𝟎

𝟏𝟎𝟎𝟎
= 𝟎. 𝟕𝟕𝟓

𝒄 =
𝒂

𝜷𝟏
=

1.9

0.775
= 𝟑. 𝟗𝟐 𝑰𝑵
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#Q14: strain in flexural steel, epsilon_t
#Q15: strength reduction factor, phi
#Q16: tensile force in the flexural steel, T

𝜀𝒕 =
𝒅 − 𝒄

𝒄
𝟎. 𝟎𝟎𝟑 =

15.5 − 3.92

3.92
0.003 = 𝟎. 𝟎𝟎𝟖𝟖

0.0088 > 0.004 → 𝑜𝑘
0.0088 > 0.005 → 𝑡𝑒𝑛𝑠𝑖𝑜𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑒𝑑

⇒ ∅ = 𝟎. 𝟗

𝑻 = 𝑨𝒔𝒇𝒚 = 2.37 60,000 =
142,200

1000
= 𝟏𝟒𝟐. 𝟐 𝑲
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#Q17: Nominal bending moment, Mn
#Q18: Factored bending resistance, phi Mn

𝑴𝒏 = 𝑨𝒔𝒇𝒚 𝒅 −
𝒂

𝟐
= 2.37

60000

1000
15.5 −

3.04

2
= 𝟏𝟗𝟖𝟕. 𝟗𝟓 𝐊 − 𝐈𝐍

𝝋𝑴𝒏 = 0.9 × 1987.95 𝐾 − 𝐼𝑁 ×
1 𝐹𝑇

12 𝐼𝑁
= 𝟏𝟒𝟗. 𝟎𝟗 𝑲 − 𝑭𝑻
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Lab07
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Lab07
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→ Group work instructions

Please form groups of 2 to 4 students.

Please do not forget to write all group members' names on both sheets.

Return the completed sheets to me at the end of the session.

Please ensure that you attend the recitation sessions. 

If you are unable to attend a session, send me an email so that we can discuss how to proceed. Email: arfazel@umich.edu
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